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P3 X6H#&IHH+'157++)&4+#5805'01#)21+'07189!10)'9&0$2 AWML, 18614 7K 105+, $!
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(background)
(5%)
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Radon & thoron
(background) (37 %)

Computed tomography
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Industrial (<0.1 %)
Occupational (<0.1 %)
Consumer (2 %)

Conventional radiography / fluoroscopy

Nuclear medicine —— (medical) (5 %)

(medical) (12 %) Interventional fluoroscopy

(medical) (7 %) |
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JEHE3!@609!+'4,+&!09!4,9&'21#1,)>!-0&6!&6'15,$41'&'1#44105#&0,)!,)!&6'!:;<1%7KA#+&! X!-'K!



Page 6

90&'7)2'+1i<44105#&0,)HFDlon Ridge Mill: Application for Approval of Construction of
Tailings Facility.

|

@69!9872814+,(02'21'9&0$#&'9!, . 1+#2,)1. 17R!.+,$1#)215,)5")&+#&0,)91#K, ('14+,4,9'2!
H&'+10$4,7)2$)&9! T (#4,+#&0,)14,)2915 )&#0)0)>!  +#..0)#&19,17&0\V!-0&61#194'50.0'2!
+#207$15,)5)8+#&0,)1#)215,$4#+'21+'971&91&, !, &6'+'/R09&0)>1$, 2' YUY +(#&O('!
'0&O$H&!,.1+#2,)!.17R10)205#& 9! &64#8&1&6''$0990,)91#+'11,-1#)211'991&6#)!, +190$01#+1&,186'!
A+ A +H#EO0, HLE( +#>'TK #5N>+,7)214#2,)1. 17R!,.IH3]14/G VI9H KO'+('21#& |(#+0,79!
1,54#8&0,)9'-0&60)1&6'14+,4,9'218#010)>014#+ #R G190 BB 6''980$#& 21 +#2,)1. 17TRI(19!
+,$1&6' 1 (#4,+#8&0,)14,)291091#19, #19$#1 11 +#5&0,) T1'991&64) HEAGNJE 14/0!$ VIQH
10$0&!.,+14¥H1h117+#)07$!8#010)>01&6#&IGH#IIK")#I97$'216'+'1.,+15 )& R&3N@609!
5,)9'+(#&0('I'9&0SHE I-H#OIKHO'2! )I&6'°0'19, ) #)2IF,>'+91$,2'1 | 3N

_1’0'19,)QI313!#)2!f3/3!F,>'+9IHIhG3Kurface Water Hydrology Considerations in Predicting Radon Releases
from Water-Covered Areas of Uranium Tailings Ponds.!!;+,53!:0>6&6!<))7#1!%8%$4,907%!,)!m',&'56)05#1!n!
L82+,1,>05#11<94'5&9!,.IX#9&"|A#)#>'$)&0!m',&'56)05#1!:)8)"+0)>!;+,>+#$0!/,1,+#2,1%&#&'1?)0('+90&8!n!
<3<3*#1N'$#0!B,+&!/,110)90!/*01?%<0!B'K+7#+8!PEYQIJY JHP

I

@6'1$,2'11#997$'91&6#&!&6''$0990,) +#&'O1#+1")6#)5'2IK8I&E'I&T+KT71)5' #8186/ &, M 1#8'+)
| &6'-#8'+15,179$)1-6'+ 1#11186'1+#2,)10)1&6'1&,41,)  \B '&'+],.| -#&'+109#997$'21&,IK'!
+'1'%9'21&, 1#0+10)98#)&#)', 7918311B, $4#+09,) 147+4,9' 901&EIHS 1 4#+#$' &' +91-'+'179'2]
&,I'980$#&1&6'1+#2,)'$0990,)9!790)H) |,) \LOY4+ >+#$I1&6#&I00#(HOTHK I&F X, +12!

") +$#&0,)1%'+(05'9!,)1:)'+>8I TX"%:WI-'K90&' 3@'",) \10)'!$,2'10!-6056!08t&8+0K7&'2!1&,!
&6'IF,>'+91#)210'19,) 1$,2'104+,275'2102")&05#11+'971893

@6'1+'971&9!,.1&6091#99'99$")&!#19,10)205#8. 2880iK82,)'$0990,)91#99,50#&'21-0&6!86'!
'(#4,+#8&0,)!,.186'1+#..0)#8&'19,1780,)1#)21&6''$0990,)9127'1&,1&6!,4'+#&0,)!,.194+0)N1'+!
989& '$9#+'R&+'$'1811,-1#)210)90>)0.05#) &5, $4#+'21&,1&6'1+#2,)1. 17R1.+,$1&6'14,)29
27'1&,120..790,)#11#)21&7+K71")5'4+,5'99'93

BO)#1180!&6'I5#1571#8&0,)9!0)205#& 218 6#8186'10)5+'$)&#1I#0+!5)5")&+#&0,)127'1&,186']
'$0990,)!,.1+# 2,)1+ $1&6'/ (#4, +#8&0,)14,)29109! (+819$#1 11T )1&6',+2'+!, \CWI+ 1#&0('1&,!
&6'1#997$ 2IKHEN>+,7)214#2,)15,)5")&+#&0,)3

!

TIVBF3#HN'+1#)21<3M3!/,RIJEHEBIHon Flux from Evaporation Ponds3!!;+'9")&'21#&!
“#&0,)#1!A0)0)>1<99,50#&0,)! T A<WIU!' 751'#+!F'#&1+8!/,$$0990,)! T"F/W!?+#)07 $!
F'5,('+8!X,+N96,4| JEHEO!M")('+O!/*"O!A#8!J&J]3!

!

<14+'9"&H#&0,)IK8IH#N'+1#)2!/ RI#&1&6$,9&1+'5)&! A<U F/1- +N96,410)M)(+IT  A#S8!
JEHEW)2197K9'S7")&18I#&I&6' #&0, J#1IL'#1&6!;689059!%,50'&8!<)) 7#11A"&0)>10)196#1&e#N'!
/0&8T07)' | JEHER)902'+91&6'190& T#&0,)!-6'+1#44+'50#K 1'15,)5") &+#&0,)9!, .1 +#2, ) 1##+']
4+'9)&10)1&6'14,)2'21-#& +OIHOISHBIH+09']. +IRHSAL'L+ $I'1'(#&'211'(19!, .IF# \JJG!
2099,1('210)!1&6'14,)21-#&+3I*#N'+1#) 21/, R OH'4,+&0)>1, ) #19&#>)#)&).01$!$,2'11#)219,$' |
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$HOT+S)&I2H&H MOT7>>'&I#1+#2,).17R!,.1&6',+2'+], 14I0I$ VIOHA'+IHEEA/OUe!, !
2099,1(2!+#2,)10)1&6'14,)2'2!-#8&'+3! |

_1<1$,20.0'2!('+90,)!,.1:;<IA'&6,2IHHP!-#9179'2! &, 1$'#97+'1+#2)1.17R!.+ $! &6'4,)2 197+.#5!

$

SEB7.-$ 0* $& $R/X)$HF*4-$ %.0%/$15(22(*/2$+1*5$W, %2

$
F'>#+20)>14+#2,)I'(,17&0,)!.+,$10)190&7!7+#)07$!+'5,('+81.#501080'901&6' | $3St, . 142, )O!
- 6056!091+' 1'#9'21#&1&6'197+ H5J &I THOH&IHS ) ()&0,#1I$01 W07 1&!, .| \O T+ #5']
2'5#81,.1+#207$!,(+1&0$' 10)1&#010)>910$4,7)2%$)&9!90)5'"%F9!2,1),&!>') +#&.2!
5,)()&0,)#11&#010)>0#91#1+#2,)19,7+5'31<&!"%FIGRPDOIK+,7>68IB6'197+ #5']
28)#$05#118012099,1('2!0)!&6'110R0(0#)&1+&7+)0)>!.+,$+¥)2)231079&1#9!28)#$05#1180!
&6#814,+80,)!,.|8&6R1,&#112099,1('22,)I&6#&I09HK, (&6'9,17&0,)p9I9H#& T +#&0,) | (HATT
+H1'#9'21-6')1)5,7)&'+0)>1#8&$,046'+0514-+'997+01#)21&'SA+#&  7+'93)

A, 2'+)"%F17+#)07$I+'5,(+814+ 5'99'01#+' 4'+#&'217)2'+1i51,9'2!1,,4=15,)20&0,)93! @6'!
50+571#&0)>10R0(0#)&!>,'9120+'5&18!.+,$1-'111.0'1216'#2'+16,79'91&6+71&6'10,)'R56#)>'l
4+,5'991#)2109186')1+'5,)9&0& 7& B)21+'&7+)'2 120+'5818!&,1&6'1-'111. 01#Q1#)'99') &0#118!
51,9'21989&'$31<&$,946'+05!5,)20&0,)91#+'10)0&0YA,T8&'+'2127+0)>1+'00)1&+#)9. '+ 1#&!
&6'196#N'+195+")9B1<55,+20)>1801&6' (#I&!$#g, +0&8!,.1&6'i+#2,)19, 7+5'1& +$jl., +1&6'0']
#5010&0'91091#99,50#&'2!-0&619$#1 11+ 1'#9'91.+ $1&6'H2GIH216'4#2'+16,79'910)1&6']
~111.0'129)2!1+,$1&6'I"kIV+'90)] '17&0,)1989&'$10)&' #5'l-6'+'1&6'14+,5'99  109!.0+9&!
4218, 1#8&$,946'+0514+'997+'31B, +1. #501080'91 & 6HE&I6H#('-#&'+1+'&)&0,)14,) 29 1#&1&6' KH5N!
N21,.1&6'14+ 5'99I TK#++)| 10R0(0&)K1"2901+'9&, +#8&0,)!-#9&'90'&5WO!,) 181#19$#1 114'+5) &#>
1&6'1+#2,)1,+0>0)#11812099,1('2!0)1&6'14+">)#)&! L0R0(0#)&!0)0&0#1ABH: &, B4 6'-'1 1!
.0'1291-, 712IK'I'RA'5&'21&, 1+'$#0) 3!"06F910)!@ R#9#+'157++)&18!,4'+#8&0)>1-0&6,7&1&6'9'!
i97+>'14,)29j1#)2! 9')2110S702!-#98120+'5&181&, 1#14'+$08&'212"412094,9#11-311

_B,+!>)+#1120957990,)9!,.1&6'"+#20,1,>05#1!56#+#5&'+09&059!,.1"%F90!0)51720)>!1$'56#)09%$9!,.1+#2,)!"'(,17&0,) O!
9"YI'#&0,)#1!A0)0)>!<99,50#&0,8heric Environmental Report in Support of the Nuclear Regulatory

Commission’s Generic Environmental Impact Statement for In Situ Uranium Recovery Facilities, |'%-")'80!
TA<I&lel/#$4'+01?% F/V ($K'+NEO!JEE]  a*+,-)O!%3The New Generation of Uranium In Situ Recovery

Facilities: Design Improvements Should Reduce Radiological Impacts Relative to First Generation Uranium

Solution Mining Plants3!;+,5"20)>9!,.1&6'|JEEh!X#9&'| A#)#>'$")&!%8%$4,907$0!;6,)0R3!<%A:!;+'990!™-!
g,+#NOI"qO!"%*"IrlIlhHGEPGED3WEER!

B+!1$,+'1)!  $'56#)09%9!,.! "%F!+#2,)!9,7+5'&'+$9!19"Y¥+,-) J%3!#)2!%$0&BHBIB!Model for
Determining the Radon Loss (Source) Term for a Commercial In Situ Leach Uranium Facility."")Y'A3'm,$'Q!
T:20&,+WO!F#20#&0,)!L#Q#+29!0) QN AO!A'#97+'$)&O#) 2! A'205#11<94'583!%,53!A0)B*30!443!D
hEEa!A#+41'0lABR!MQO7NO!@ 'RHA'4#+&$")&!,. L' #1&6T7+'#7!,.IF#20#&0,)!/,)&+,13Radon Source Terms
at In Situ Uranium Extraction Facilities in Texas.!;+,5"20)>9 1,.1 &6'1%0R&6!<))7#1!?+#)07$!%'$0)#+0!%,7&6!
@'R#9!A0)'+#19!%'5&0,)!,.!<"A:3!/,+479!/6+09&03!%'4&'SK\HBB!HIHJ

$
$
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NESZ7.-$.1&B4118/-$"K-(<8&2$./0$%8249-28(/$12-(5.-(:$*28:2$-*$-7&$"4FI(<$+1*5$
31./(45$%8&<*8&1G$.<(9(-(&2%

[#1571#80,)914'+. +$'210)#55,+2#)5'-0&6'R09&0)>I F/1>702#)5' #479'21&, '9&0$H#E.
9,7+5'1&'+$91#)215#157 1#&'1\00&'12,9'1&,186'147K1053!B,+'R#ESAIDF/! F'>71#8+8!
M702'\3PI0!%'5&0,)1J3G!4+,(02'9!$'&6,291#55' 4&#K 1'1&,I"F/1., +I'9&0$#&0)>1&6' +#2,)!
9,7+5'1&'+$127+0)>1"%F!,4'+#&0,)93!<220&0,)#248EN “2F:m!HPGI0!<44")20R!MO!
4+,(02'91&6'IA"eM Y] I<F:<! 5,$47&+15,2'1 $'&6,2,1,>8I#55'48&#K1'1&,1&6' F/O!-6056!
0)5172'd'R4+'990,)9!., +15#1571#&0)>186'1#)) 7#IMRII0, 7+5'1&'+$9!.+ $I (#+0,791#94'589!
J"%F1 4'+#&0,)9!-6056!091&6')179'2IK8IA"e M %1&, I5#157 1#8BN& 147K 105!2,9'1#) 2!
2'$,)98+#&15,$410#)5'-0&6!2,9'110$0&9!,.|HEY/BFIJE3H\EH3

%"1'3>3Y!1?3%3!"751'#+!F'>718K,330990,)O!" ?F:m \HPGIGtandard Review Plan for In Situ Leach Uranium
Extraction License ApplicationsO!07)'|JEE\g 7#)0!q3/30!03L3/3!X#)>1#)2!<3tCINBIMILDOS-AREA: An
Enhanced Version of MILDOS for Large-area Sources. <+>,))'I #&0,)#1le#K,+#&,+8!T<’eW!+'4&!< eU:%9HGH3!
07)'HIhlal?3%3!" 751'#+!F'>71#&,+8!/,$$0990,)!T"F/WO!HIt{ethods for Estimating Radioactive and Toxic

Airborne Source Terms for Uranium Milling Operations3!F'>71#&,+8!m702'"\3PI3
!

F'>#+291&,1609&,+05#1!"90&0$#&'9!,.!,..90& W3 25" &+#&0,)91#) 2147K105!2,9'.+,$!"%F9!#9!
+'4,+&'2!K8!0&9!105"9"9!&823%3!" 751'#+!F'>71#&,+8!/,$$0990,)O!0)!" ?FNHIHE @kneric
Environmental Impact Statement for In-Situ Leach Uranium Milling Facilities (JEEIWO!
16#4&'+!D3J10)205#&'9Y

!

o UTHHE+18)2IKOH)) THLISHIT+$)&I!,.12,-)-0)215,)5)&+#&0,) 91, . 1+#2, ) #& 1)
A'+#80,)#11"%F#5010&8!K, 7)2#+8!.+ $IHIHI&, '#+181JEE]!-'+1K'1,-DI*SUS$ \!
VJ3E!4/0U108M40&6M8#g, +0&8!,.I1$#I7+$)&IIK'L,-\*SUS$  \I VHI4/0U10& By3!
5,$4#+09,)01&6'9'I$HI7+21( #17'9M4+1-'111K'L,-1&6' T F/1'. 17")&! 10$0&!. . +1+#2,)!
#&IHEV/BF!:#+&JEO!<44")20R!*!, N EI*SUSVHE!4/0U10&#)210)! #5&0#+'14+ K#K 18!
g79&IKHEN>+,7)2!(#1B9

o <#>))TH&O,)HL! efK, +#&, +8=9IA"eMWE <5, $47&'+15,2'1T<+> )T #&0,)#1!
oK, +#&,+8OHINIIO"#K,( WI09!&8405#118179'21&, I5#1571#8&'1+#20#&0,)!12,9'01&,
0)20(027#191#)214,471#&0,)9!.+,$!1+'1'#9'01 557++0)>1#&! 4'+#8&0)>17+#)07$!+'5, (+8!
#5010&0'93!@6'!5,2'109I5#4#K 1], .1$,2'10)>1#0+K,+)'1+#20,1,>05#1!"..17)&1+'1'#9'0!
#44105#K1'1&,&6!5,)()&0,)#11$01191#)21%F #50108@D51720)>1+#2,)1>#9! + $!
~'111.0'1291#)214+,5'990)>! #501080'91#)218'11,-5#N'| 4#-+ 8057 1 #48.96'+$#112+80)>!
A+#E&0,)9W

o <111+'4,+&'212,9'916#('1K")1-'111-0860)!&6'HE!/BF!#+&IJEH#)) T#11+#204#8&0,)12,9'!
10$08&!.,+1&6'147K105!,.IHI$%(IVHEE!$+$USATINE-12,9'! +,$1+#2,)1#)21089!
4+,>"81#)21-08&60)1&6'1:;<!.7'115851'1#)) 7#1!10$0& TDE!/BFIHIEW!,.|E3JP!$%(IVIP!
$+'$WO!-6056!2,'91),&10)5172'12,9'127'1&, 1+#2,)1#)2108914+,>) 831
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AEBT .-$(2SR/)/$.F*4-$-78&$P*-&/-(.9$78.9-7$8++8&<-2$-*$P*P49.-(*/2$9('(/:$(/P&S
(<(/(-G$*+$41./(45$5(/&2$./0$5(992S$
|

?+#)07$!09!1#!6'#(8!$'&#11#)2!#5&9!90$01#+18!&,!,&6'+!6'#(8!$'&#19!0)!&6'' K, 28! T1ON'!
$,18K2")7$0!11'#20!$'+57+88!<55,+20)>180!.,+#&7+#1!7+#)07$ON#&0, ) #11#)210)&'+)#8&0,)#1!
673#)'R4,97+"198&#)2#+291#+'1K#9'2!))1&6' 4,990K 1 ¢hemical toxicity$.\7+#)07$!T'3>30!
'.'5&!,)IN02)'8 s )'46+,& R0O50&8WO!),&!,)I+#2048)@/% 990K 11i5#)5'+!"..'5&9j!
T+#20,8,R050&8W3IL,-'(+O1&6'+16#91)' (+IK")#I2'#&6!,+14'+$#)")&10)g7+8!&, 1#16 7$#)!
+,917+#)07$!4,09,)0)> 3

|

_Po"1'3>3YITHWMAB751'#+!IF'>71#&,+8!/,$30990,)Randards for Protection Against RadiationalHE!/BF!JEQ!
<44"20R!"*0!@#K1LHHBI3I TIWI"&'+)#&0,)#11/,$$0990,)!,)IF#20,1,>05#1!;+,&'5&0)Bhits for Intakes of
Radionuclides by Workers3!"/F;};7K105#&0,)\EQ!HI]I3NT\WIVE4&3!, . IL'#1&6!#)2!L7$#)!%'+(05'90!;7K105!
L'#1&6!%'+(05'0!<>"58!.,+!@,R05!%7K9&#)5'91#)2IM09'#9" F'>08Lie@3dYical Profile for Uranium.'HIN3! !
(4) Acute Chemical Toxicity of Uranium. 1#&6+8)O!Fe!#)2!*7+N0)O!FI3IL'#1&6!;6890590! I DTIWSHAQH]E

BK+7#+8IJEEhW
I

F'>#+20)>10,)0Q0)>!+#20#&0,)!0)!>")'+#10!&6"16'#1&6!"..'5&9!1#+'-'1117)2'+9&,,23!",|16'#1&6!
LB&IIGH('NK™),K9'+('210)!67$#)14,471#&0,)9'1#&!&6''R4,97+'11'('19!-0&60)!&6' +#)>']
#)2!(#+0#K010&8!, . N#&7+#1IK#5N>+,7)2!'R4,97+'9!0)!&6)1?7%3B41!4,90&0,)!,.1&6'!
“#&0,)#1L'#1&6!;689059!%,50'&8!09!&6#&!K'1,- | POHEEEEEE!$0110+'$!T-6056!0)5172'9!&6'!
+#)>'1 1K, &6!,5574#&0,)#11#)2!")(0+,)$")&#1!'R4,97+'9WO!+09N9!,.I6'#1&6!"..'5&9'#+'1'0&6'+!
&,19$#111&,'K' K9'+('2!,+!),) V'R09&"&!T9"Radiation Risks in Perspective!
C6493,+>U64947K105#&0,)9U4,90&0,)9&H#&'S) &IWS!")&'+)#&0, ) #11#)21)#&0,)#11#7&6,+0&0'91&6#
'9&#K1096!'R4,97+"19&#)2#+29!.,+!- +N'+91#)21&6'147K105!+'18!,)!&6'-,+N!,.1950")&0.05!
5,$$0&&"9!,.1&6'160>6'9&!4+,."990,)#119&#)20)3#!&6'0+!'(#17#&0,)9!,.1&6'1950")&0.05!
0).,+$#&0,)!,)!&6'16'#1&6!"..'5&9!,.10,)0Q0)>!+#20#&0,)3!@6'9'950")&0.05!5,$$0&&"9!0)5172'!
&6'1?7)0&'2!"#&0,)9!%50")&0.05!/,$$0&&"!,)1&6':..'5&9!,.1",)0QO0)>IF#20#&0,)! T? %/:<FWal!
&6'1")&+)#&0,)#11/,$$0990,)!)IF#2 0,1,>05#11;+,&'5&0,)I T"/F;Wal&6' T #&0,)#11<5#2'$8!, !
%50"5'=9!*0,1,>05#1!:..'5&9!,.1",)0Q0)>IF#20#&0,)! T*:"FW!/,$$0&&"0O!&6'" #&0,)#1!/,7)501!,)!
F#204#8&0,)!:+,&'580,)1#)21AHI7+$)&9I T /F:WI#)2!, &6'+93!

!

*78&1-6#&!#K,7&1&6194'50.05!5,)5'+)9!+'>#+20)>16'8B1&'5&9!&,!4,471#&0,)9!10(0)>!51,9"1&,!
7+#)07$!+'5,('+81.#5010&0'02940&""1$756!5,).790,)1#)2!1$097)2'+9&#)20)>0!4,990K 1!
6'#1&6..'5&9!0)!4,471#&0,)9!10(0)>)#+!17+#)07$!$0)'9!#)2!$0119!6#("'K")!-'1119&720'23!
LI#22080,)#11..'5&916#('IK")LK9'+('2!-  6')!5,$4#+'21&,1&6'16'#1&6!9&#&79!,.1,&6'+!
90$01#+!4,471#&0,)9!),&!10(0)>!)'#+K83!<!.'-19,7+5'914+,(020)>1&6'1950")&0.05!"(02") 5" &6#&!
9744,+891&66951790,)10)5172'Y

!

o 2%IMAH+ES)&!, ILHL1&BIH)2ILT$H) 1% +(05'90!: TK105!L'#1&61%'+(05'90!<>')58!., +1
@,RO5M49&#)5'#)2IM09'#9'IF'>09&+B&Xicological Profile for UraniumO!HIII3!
I6#4&'+IHY!; TK105L'#1861%&H#&'$)&!., +17+#)07$01%'580,)IH3PYIL,-1/#)12+#)07$!

. 'B&IASIL'H1&6Z] lil",167$#)I5#)5'+! 1#)81&84' 6#IV' (+1K")19") IHO+'971&1, !
'R4,97+1& NH&T+#1),2'41'&'2!7+#)07$)! T <(#O1#K1'I#&Y!



Page 10
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* (Cancer and Noncancer Mortality in Populations Living Near Uranium and Vanadium
Mining and Milling Operations in Montrose County, Colorado, 1950 -20003'*,05'0!oMOQO!
AT$SHOA@!"&!IH#TI P '+)#&0,)#1!:402'$0,1,>8!")9&0&7&'O!F,5N(011'@AM
f#)2'+K01&!?)0('+90&80!f#) 2+ KOL&#$!/#)5'+!/N&'+O '#96(011'0! @037 +)#1!,.!
F#20#&0,)!IF'9'#+56 0!HG]YMIGa!lJEE]Y!i!@6'#K)5'!,.I'1'(#&'2!$,+&#10&8!+#&'9!,.!
5#)5'+10)!A))&+,9'1/,7)&8!,('+1#!4'+0,2!,.IPH!8'#+9!97>>'9&9!&6#&!&6'1609&,+05#1!
$0110)>1#)2!$0)0)>!,4'+#&0,)9!1202!),&!#2('+9'18!#..'5&!&6'16'#1&6!,.!1A,)&+,9'!
1,7)&8!+'902"&9;j !

* Cancer Mortality in a Texas County with Prior Uranium Mining and Milling Activities,
1950 - 2001."*,05'0!0MO!A7$$#0!Al'&IH&3F)#&0,)#1!:402'$0,1,>8!")9&0&7&'O!
F,5N(011'O!AK)2! f#)2'+K01&!?)0('+90&80!f#) 2"+ KOL&#$!/#)5'+!/)&'+O |
'#96(011'0O!'@p, 7+)#1!,.'F#20,1,>05#1!;+,&'5&0,)OIN\Y JDGIal JEE!!I", 1 7)797#1!
A#8&&'+)9!,.15#)5'+1$,+&#10&8!5,712!K"19")10)!I#+)'9!/,7)&8!,('+!#!4'+0,2!,.|PE!
8'#+9197>>'9&0)>1&6#&!&6' 7+#)07$!$0)0)>1#)2!1$0110)>!,4'+#&0,)9!6#2!),&!0)5+#9'2!
5#)5'+1+#&'91#$,)>1+'902")&9j)3

* Cancer Incidence and Mortality in Populations Living Near Uranium Milling
and Mining Operations in Grants, New Mexico, 1950-2004. *,05'0!0MO!A7$$#0!Al'&1#13
I "M&+)#&0,)#11:402'$0,1,>8!")9&0&7&'O!F,5N(0111@)AK4) 2'+K01&!?)0('+90&80!
I f#)2'+KO1&/)>+#3$1/#)5'+1/N&'+O '#96(011'O!@o3+)#1].IF#20#&0,)!F'9'#+568MH]DO!
I GJO G\GIEHH i X0&6!&8'R5'4&0,)!,.1$#1"'117)>I5#)5'+ Tin former underground
miners\D!&609!9&728!4+,(02'9!),!51'#b!y909&")&!'(02")5'&6#&!&6'!,4'+#&0,)!, !
I 7+#)07$!$01191#)2!$0)'91#2('+9'184#..'5& 215#)5'+10)502")5',+1$,+&#10&8!,.15,7)&8
I +'902)&9j3
|
LBE-$)7.-$.F*4-3-7&$R/*)/$7&.9-7$(EP.<-2$N&E:EJ$94/:$<./<&10$-*$5./G$41./(45%
5(/&12%)7*$)*1R&0$4/0&1:1*4/0%(/$-7&$SBCN?2$./0$BCA?2S$
|

@6'9'1$0)'+91- +N'210)!5,)20&0,)91&6H#&IKB!&, 2#8=019&#) 2#+29]-'l- 71215, )902'+!
TYH55'48#K1'31@6'8!-'+1'R4,9'21&, (' +8160>6!1'('19!,.1+#2,)14+,>)8  IT-6056!#+12'5#8!
4+,27589),.17+)07$W!I0)!4,,+18!1()&01#& 217)2'+>+,7)21$0)'931A#)8!, .1&6'9'1$0)'+91#19,!
6#219'('+'19%,N0)>16#K08&90!-6056!")6#)5'21&6'H#K010&8!,.186'1+#2, )| 2#7>6&'+91&,12'10('+!
+#2680,)12,9'&,186'117)>8,11,-174], IGhOEEE!., +$+!$0)'+9, (‘+!$#)818'#+9 10)205#& 2!
&6'1,557++)5', I#K,7&! JJEE!17)>!5#)5'+90)!&609!4,471#&09E56!60>6'+ & 6H) 6"
'R4'5&'210)502')5' 31@609!09'#)10)502")5'1+#&'1,.1#K, 7&IDc3!<91#14,0)&!,.15,$4#+09,)0!&6'!
K#9'10)'10)502)&!1+#&1,.117)>15#)5'+1Q)) \B$,N'+ OV#75#90#)1$#1'91&, 2#81091#K, 7&E3D!c!
TM+3!0,6)!*,05'01")&+)#&0,)#11:402'$0,1,>8!")9&08&7& O'f#)2'+K01&!?)0([HaB&SH# 1!
5,$$7)05#&0,) W

!
@6'9'5,)20&0,)9""R09&2IK".,+'I-'16#2IB'2'+#1!<>")50'9! TA5574 #&0,)#1!%#.'&8'#) 2| L'#1&6!
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<2$0)09&+#&0NYN6L<OIAQ) 1%6#. &81#)21L #1&61<2$0)09&+#IBIHL<O!2%6! 751 '#+!
F'>71#&,+8/,$$0990,)! I F/WIH)2!1#-918, 1K' &&'+14+ &'5&!- +N'+9186+,7>6,7&1<$+05#)!
0)279&+81T5,)98+75&0,)0!$#)7.#5&7+0)>0! #+$0)>0!$0)0)>O2E PRIKARE1950')&0.05!
0).,+$#&0,)#(HO1#K1'01-'15,)902'+1#919# '1&6'l 557A#&0,}#1I'R4,97+'19&#) 2#+291-'16# (']
&,2#81#91"). +5'21K81&6'9'1#>)50'93!@6'11'('1!,.'R4,97+",.19,$', 1&6'9'I'#+181 7+#)07$!
$0)+91-#9 IHEEIHEEE!&0$'9!60>6864)!, 7+!57++)&I B +#1198&#)2#+293

|

<91g79&1,)",.1$#)814,990K1'1609&, +05#115,$4#+09,)9!+'>#+291&, I- +N0)>15,)20&0,)9!0)!
<$'+05#)10)2798+812'5#2'91#> 010&109!,.1), &'1&6#&!#1$,9&HEE!$)120'2].+,$!5,)98+75&0,)!
#)21+'1#&'21#5502)&910)!&6'1K70120)>!,.1&6'IL,, (+IM#$10)!1&6'IBEQO!L,)>IK'. +'1B'2' +#1!
+'>71#&0,)9!-'+10)141#5'1&, 14+ ,&'5&!- +N'+03! @6'9'150+57$9&#)5'0!-, 7121, .15, 7+9'1#19, IK'!
TYHE5'48H#K1'1&, 248

|

@*/<942(*127

THW!@6''R09&0)>147K105!+#20#&0,)'R4,97+15+08&+0#!., +17+#)07$!$0119!#)210)190&7!+'5, ('+8!
#5010&0'9!0)/BEL#+&9IGHOHIEH#)21HIJ#+1#2'ST#&' 1814+ &'5&0('190)5'1&6'81+'4+'9")&!
O$#111.+#580,)9!,.1&6 H&T+#1I+#20#8&0,)IKHEN>+,7)2) (#+0#&0,) #5+ 90 RAI0988.81'90!
-6'+'1-'156,,9'1&,110('O!-6#&!-'I'#8&#)212+0)NOI6HIHHS 756! 1#+>+10$4#5&] )1, 7+ +#20#&0,)
'R4,97+'1&6#)'R4,97+H&I&E'QI(+8!1,- 1+'>71#8&,+8110$0&9

TIVE>#+20)>10,)0Q0)>+#20#&0,)10)1>") +#101&6'16 #1&6!"../5&IH+1-'1117)2'+9&,, 23"
6'#186!"..'5&9I6#('IK")|,KO'+('210)!167$#)!4,471#&0,)914#&1&6''R4,97+11'(19!-0&60)!&6'!
+#)>'1#)21(#+0#K0&B! . H& T +#1IK#EN>+,7)2I'R4,97+'910)1&6' B %

T\WIF#2,)'$0990,)1+#&'0ITL17RW!.+ $I-#&'+10$4,7)2$)&9! T (#4, +#8&0,)14,) 29WIH#&!
105)9'2!15,)()&0,)#11$01191#)21"06F9l#+'),&'R4'5&'21&,1K'190>)0.05#)&18120..'+) &1864#)!&6#&!
+,$1&8405#1IKHEN>+,7)214+#2,)'S099B09, 50#&'21-0&6! 1#) 2197+ #5'91#1$,0&I#)8-6'+
27'1&,186'1(+814,,+120..790,)!,.1+#2,)1&6+,7>61-#8&'+3!

TDW!LO9&, +05#11') (0+,)$)&H#1I$'#O7+'$')&9!$#2'10)1&6'1(050)0&8!,.| 7+#)07$!+'5, (+8!
#501080'91#)2147K10512,9'1#99'99$) &4+, +$'21#)21+'4,+&'21&, 18698 F/10)2054#& 1 +#2,)!
5,)5")&+#&0,)91#&!90&'1K, 7)2#+811,54#8&0,)91#)212,9'91&, 1&6'147K 105!#+'15,)909&") &18!-'11!
K'1,-1B'2'+#1110$0893

TPW!@6'14,990K010BB1&6..'58910)!14,471#&0,)9110(0)>1) #+17+#)07$!$0)'91#)21$0 11O+
PEI8'#+96#('1K")-'1119&720'2 IK8N#&0,)#11950)&0.051K,20'9!,.1&6'160>6'9&14+,.'990, )#1!
08#)20)3), 1#22080,)#1!"..'5&9I6#('1K")!,K9'+('21-6')15, $4#+'21&.,1&6' 16 #1&6!9&#& 79!, .
&6'+190$01#+14,471#&0,)9!),&!10(0)>!)'#+K83

TGW!'(+0!>0()!&6#&!DEY/BFIHIJI-#01+'1'#9'210)IHIN\OI56#)>'0 1#)217424#8&'916#('1K")!
$#2'10)1&6'IK#905!2,90$'&+8!$,2'191#)21950")5'1-'179'1&,, 2#81&, '080$#8&'1+#20,1,>05#1!
2,9'91#)21+09N93!<55,942080!::<196,71215,)902'+1+'#99'990)>!'R4,97+'1&'+$0),1,>8!#) 2!
5+08& +0#8>319179'210)|DE!/BFIHIEW!&, IK'I5,)9089&1-08657++)&!)#&0, }11#)2!
0)&'+)#&0,)#11$'&6,291#)21$,2'190!'3>30!MRIWIEOD,)#11/,$$0990,)!,)IF#20,1,>05#1!
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+,&'5&0,)01JEEN3i; 7K105#&0,) HE\IF'5,$$")2#&0,)9!,.1&6'"/F;O1<))#19!, .1&6'"/F; 3!
JEEN#)2I TIVEEO, J#1IF'9'#+56!/,7)50101JEEG3!IL #1&6!FOINR4,A7+1&,le,-le'('19!,.!
" YOQO)>IF#20#&0,)al*:"FIf""Ol;6#9'j13



